IMPORTANCE Late recurrence (more than 2 years) after liver resection for hepatocellular carcinoma (HCC) is generally considered as a multicentric tumor or a de novo cancer.
H epatocellular carcinoma (HCC) is a common malignancy, ranking sixth among the most common neoplasms and third among the leading causes of cancerrelated mortality worldwide. [1] [2] [3] [4] In China, HCC ranks second only to lung cancer in cancer-related deaths. 5 Liver resection remains the mainstay of curative treatment. 6, 7 The long-term prognosis after HCC resection still remains unsatisfactory because of the high rate of cancer recurrence of up to 60% to 70% in patients within 5 years after surgery. [8] [9] [10] [11] Identifying risk factors of recurrence is of vital importance to improve long-term survival outcomes after HCC resection. Hepatocellular carcinoma recurrence is divided into early recurrence (less than 2 years) and late recurrence (more than 2 years) according to the time to recurrence after surgery.
8,12,13 Early recurrence within 2 years after surgery is most likely the consequence of occult metastasis from the initial tumor, whereas late recurrence after 2 years postsurgery is often of clonal origin, which is different from the original tumor, suggesting a de novo second primary HCC. [14] [15] [16] Numerous previous studies have
showed that early recurrence is commonly associated with aggressive tumor pathological characteristics, such as large tumor size, multiple tumors, poor cell differentiation, macroscopic and microscopic vascular invasion, and satellite lesions. [17] [18] [19] [20] [21] [22] [23] Reported studies on late recurrence are less frequent and are typically single-center studies with small sample sizes. These studies reported that late recurrence is usually associated with underlying liver conditions, like cirrhosis and active hepatitis. 15, 24 To our knowledge, the patterns of late recurrence, treatment, and longterm survival outcomes in patients with late recurrence have not been studied. A large multicenter study was conducted to investigate the risk factors, patterns, and predictors of long-term survival outcomes in patients with late recurrence. The study aimed to provide data to clinicians to plan surveillance of recurrence and to determine the strategy of treatment.
Methods

Patient Selection
With approval of the institutional review board at each study center, a retrospective study was conducted on patients who underwent curative liver resection for HCC at 6 hospitals in China from January 2001 to December 2015. All these patients had resectable tumors, adequate liver remnant sizes with good liver function, and absence of distant metastasis. Curative resection was defined as removal of all tumor with a clear margin (R0 resection). Patients with recurrent HCC or combined HCC and cholangiocarcinoma as well as patients who received preoperative antitumor treatment were excluded. Patients who died or developed HCC recurrence within 2 years after surgery were also excluded, as this study focused on late recurrence. The study was censored on December 31, 2017. Written informed consent was obtained from all the patients for their data to be used in clinical research. This study was performed in accordance with the Declaration of Helsinki 25 and the Ethical Guidelines for Clinical Studies for all the study centers.
Clinicopathological Variables
Risk factors of late recurrence were evaluated as categories related to the patient, tumor, and treatment. Patient-related factors included age, sex, performance status, comorbid illness, etiology of liver disease, presence of cirrhosis or portal hypertension, Child-Pugh grading, preoperative α-fetoprotein (AFP) level, and preoperative alanine aminotransferase and aspartate aminotransferase levels. Comorbid illnesses included hypertension, diabetes, cardiovascular disease, chronic obstructive pulmonary disease, and renal dysfunction. Cirrhosis was confirmed by histopathological examination of the noncancerous part of the resected specimens. Portal hypertension was defined by the presence of either esophageal varices or splenomegaly with a decreased platelet count (100 × 10 3 /μL or less). Tumor factors included tumor number, satellite lesions, maximum tumor size, macroscopic or microscopic vascular invasion, tumor differentiation, and tumor staging. Surgery-related factors included intraoperative blood loss, intraoperative blood transfusion, extent of resection (major or minor), type of resection (anatomical or nonanatomical), and width of resection margin. Major hepatectomy was defined as resection of 3 or more Couinaud segments, while minor hepatectomy as resection of fewer than 3 Couinaud segments. Anatomical resections were defined by the Brisbane 2000 nomenclature of liver anatomy, 26 while nonanatomical resections included wedge resection or limited resection.
Follow-up
For patients with chronic hepatitis B virus (HBV) infection, when the preoperative HBV DNA level was 1000 copies/mL or greater, oral adjuvant antiviral therapy with lamivudine, 100 mg, adefovir dipivoxil, 10 mg, or entecavir, 0.5 mg, daily was commenced after discussion with the patient. Patients were prospectively followed up at each center using a surveillance strategy adopted by all the centers for recurrence. After hospital discharge, patients were followed up using serum AFP level as well as ultrasonography, contrast-enhanced computed tomography (CT), or magnetic resonance imaging of the chest and abdomen once every 2 months for 6 months and then
Key Points
Question What are the risk factors, patterns, and outcomes of late recurrence (more than 2 years) after curative liver resection for hepatocellular carcinoma (HCC)?
Findings In this multicenter study of 734 patients, among 303 patients who developed late HCC recurrence 2 years after liver resection for HCC, most had only intrahepatic recurrence and none had extrahepatic recurrence only; more than half of these patients received curative treatments, which included reresection, transplant, and local ablation. Late recurrence was associated with sex, cirrhosis, and several aggressive tumor characteristics of the initial HCC.
Meaning The patterns of late recurrence suggest that surveillance for recurrence after 2 years of surgery should be targeted to the liver, and postoperative surveillance improved the chance of further potentially curative treatments, with resultant improved survival outcomes in patients with late recurrence.
once every 3 months for the next 1.5 years. Recurrence surveillance at 6-month intervals was carried out for patients who were alive and free of cancer recurrence 2 years after surgery. Regular surveillance was defined as abdominal imaging and/or AFP surveillance every 6 months or within 6 months prior to the diagnosis of HCC recurrence, while irregular surveillance was defined as surveillance with intervals greater than 6 months or diagnosis of HCC recurrence because of symptoms or because the patient was investigated for other reasons. Tumor recurrence was suspected with progressive elevation of serum AFP levels and ultrasonographic detection of a new hepatic lesion. The diagnosis was made when dynamic CT or magnetic resonance imaging showed contrast enhancement in the arterial phase and washout in the venous phase or when hepatic angiography disclosed high tumor vascularity. Once tumor recurrence was suspected, patients were hospitalized to confirm the diagnosis. Appropriate management included reresection, liver transplant, local ablation therapy, transcatheter arterial chemoembolization, oral sorafenib, radiotherapy, and supportive therapy. Reresection, liver transplant, and local ablation therapy were considered potentially curative treatments, while the other treatments were considered noncurative. Details documented at the time of the first recurrence included the recurrence patterns and primary treatment modality. The dates of tumor recurrence, last follow-up, and death were recorded.
Statistical Analysis
Clinical and pathological characteristics were summarized using frequencies and percentages for categorical covariates and medians and ranges for continuous covariates. The Fisher exact test was used to compare categorical covariates, while continuous covariates were compared with the Wilcoxon rank sum test. The cutoffs for continuous variables were chosen for easy interpretation. The overall survival (OS) and recurrencefree survival were calculated with the Kaplan-Meier method. Univariate and multivariable Cox regression analyses were used to identify the independent risk factors of late recurrence. Variables with P values less than .10 on univariate analysis were subjected to the multivariate Cox regression model using a forward stepwise variable selection. Subgroup analyses were made in patients who developed late recurrence of HCC. Multivariate analysis was used to evaluate predictors associated with long-term survival in patients with late recurrence. Statistical analyses were performed using SPSS version 25.0 (IBM). A 2-tailed P value less than .05 was considered statistically significant for all the tests.
Results
Occurrence of Late Recurrence
Of the 734 patients who were alive and free of cancer recurrence at 2 years after surgery enrolled in this multicenter retrospective study (eFigure in the Supplement), 652 (88.8%) were male and 82 (11.2%) were female; 671 patients (91.4%) had chronic HBV infection and 22 patients (3.0%) were positive for hepatitis C virus RNA. Among 671 patients with chronic HBV infection, 345 (51.4%) patients had a positive preoperative HBV DNA level (1000 copies/mL or greater), and 326 (48.6%) patients had a negative preoperative HBV DNA level (less than 1000 copies/mL). Pathological examination showed that 489 patients (66.6%) had cirrhosis, and 227 (30.9%) had portal hypertension.
During a median follow-up of 78.0 months, 303 of 734 patients (41.3%) developed late recurrence. Comparisons of the baseline characteristics and operative variables between patients with and without late recurrence are illustrated in Table 1 . There were significant differences between these 2 groups in the etiology of liver disease, cirrhosis, satellite nodules, macroscopic and microscopic vascular invasion, tumor differentiation, type of hepatectomy, and width of resection margin. For the 671 patients with chronic HBV infection, late recurrence occurred in 345 patients with a preoperative positive HBV DNA level, which was higher than that in 326 patients with a negative HBV DNA level ( 
Risk Factors of Late Recurrence
Univariate and multivariate Cox regression analyses predicted late recurrence in patients who were alive and free of recurrence at 2 years after curative liver resection of HCC. Multivariate analysis identified that male sex (hazard ratio [HR], 1.372; 95% CI, 1.022-1.875; P = .04), cirrhosis (HR, 1.421; 95% CI, 1.096-1.843; P = .008), multiple tumors (HR, 1.559; 95% CI, 1.138-2.136; P = .006), satellite nodules (HR, 1.587; 95% CI, 1.127-2.165; P = .004), maximum tumor size greater than 5 cm (HR, 1.487; 95% CI, 1.104-2.003; P = .009), macroscopic vascular invasion (HR, 4.631; 95% CI, 2.475-8.667; P < .001), and microscopic vascular invasion (HR, 1.686; 95% CI, 1.254-2.266; P = .001) were independent risk factors of late recurrence ( Table 2) .
Patterns of Late Recurrence
Among the 303 patients who developed late recurrence, 273 (90.1%) were first diagnosed to have intrahepatic recurrence only and 30 (9.9%) to have intrahepatic and extrahepatic recurrence. There were no patients who had extrahepatic metastases only without intrahepatic recurrence.
Treatments and Outcomes of Late Recurrence
Of the 303 patients who developed late recurrence, 165 patients (54.5%) underwent potentially curative treatments, which included reresection (n = 113), liver transplant (n = 14), and local ablation (n = 38). The remaining 138 patients had advanced tumor staging and/or poor liver function, and they underwent palliative treatments, which included transcatheter arterial chemoembolization (n = 29), radiotherapy (n = 10), sorafenib (n = 28), combined treatment modalities (n = 59), and supportive care (n = 12). Figure 1 shows that the KaplanMeier OS curves in patients with late recurrence were significantly poorer than those without. Table 3 . There were significant differences between these 2 groups in the number of patients with cirrhosis, portal hypertension, and serum AFP positivity on first diagnosis of late recurrence and tumor staging, patterns of late recurrence, and deaths during follow-up. The percentage of patients who underwent potentially curative treatment in the regular surveillance group was significantly higher than that in the irregular surveil- 
Factors Associated With OS in Patients With Late Recurrence
Univariate and multivariate analyses of OS were performed to investigate the factors contributing to long-term survival outcomes in patients with late recurrence (eTable in the Supplement). Multivariate Cox regression analysis identified that postoperative surveillance for recurrence (regular vs irregular), cirrhosis (yes vs no), portal hypertension (yes vs no), ChildPugh grading (A vs B or C), Barcelona Clinic Liver Cancer tumor staging of late recurrence (A vs B vs C), and treatment modality for late recurrence (potentially curative vs noncurative) were independent predictors of long-term OS outcomes in patients with late recurrence after liver resection for HCC.
Discussion
In this large multicenter retrospective study, late recurrence occurred in 41.3% of the 734 patients who were alive and free of tumor recurrence at 2 years after curative liver resection of HCC. and microscopic vascular invasion, and maximum tumor size greater than 5 cm were also independent risk factors of late recurrence, suggesting that late recurrence in our study was also correlated with the initial tumor. The use of 2 years after surgery as the cutoff point to differentiate metastasis from the initial tumor from de novo tumors is still controversial. Further novel histopathological examinations and genetic tests on both the initial and recurrent tumors are worth carrying out to find out whether recurrent tumors originate from the initial tumors.
27,28
Interestingly, sex was found in this study to be an independent risk factor of late recurrence of HCC. Previous studies have shown men to be 3-fold to 8-fold more likely to develop HCC than women, [29] [30] [31] and sex hormones are considered to be responsible for this sex difference. [32] [33] [34] [35] The sex difference in the late recurrence rate, which is often attributed to the multicentric origins of HCC, echoes the higher incidence of HCC in men than in women. This significant difference in late recurrence between sexes probably calls for closer and more stringent recurrence surveillance for men in the late period of postresection follow-up, which has also been proposed by Cucchetti et al. 36 In addition, this finding also suggests that further research and trials are warranted to evaluate the potential value of sex hormone treatment, such as tamoxifen, as an adjuvant therapy for prevention of HCC recurrence in the future in female patients. Understanding the patterns of HCC recurrence is important in designing surveillance and treatment strategies. No patients who developed late HCC recurrence had extrahepatic metastases without intrahepatic recurrences in our study. Thus, screening for extrahepatic metastasis using skeletal emission computerized tomography and chest CT is unnecessary for patients who have no intrahepatic recurrence. The current guidelines on HCC recurrence surveillance can be improved, and an individualized surveillance strategy should take account of the time from surgery and the patterns of recurrent tumor. This strategy is more cost-effective and provides a better balance between the benefit obtained from tumor surveillance and medical expenditure.
The prognosis in the 303 patients who developed late recurrence of HCC was different using different postoperative surveillance programs for recurrence. Multivariate Cox regression analysis demonstrated that regular recurrence surveillance was an independent protective factor of survival in patients with late recurrence (HR, 0.470; 95% CI, 0.310-0.713; P = .001). Regular postoperative recurrence surveillance is of vital importance because, in our study, it improved the chance of our patients to undergo curative treatment. In clinical practice, many patients do not take surveillance seriously and may as a consequence lose the chance to undergo curative treatment when symptoms develop.
Limitations
There are limitations in our study. First, this is a retrospective study, which has inherent biases. Second, this study came from China. Most patients with HCC had a background of HBVrelated cirrhosis. In the United States and Europe, hepatitis C and excessive alcohol use are the main etiological factors of HCC. 37, 38 In addition, in some developed countries, nonalcoholic fatty liver disease is becoming an important etiology of HCC. 39, 40 Our study requires an external validation cohort to make the results more convincing, and the inclusion of such information is planned in our future studies.
Conclusions
In conclusion, this study showed sex, cirrhosis, multiple tumors, satellite nodules, maximum tumor size greater than 5 cm, and macroscopic and microscopic vascular invasion were independent risk factors of late recurrence of HCC. The patterns of late recurrence suggested that before the diagnosis of intrahepatic recurrence, screening for extrahepatic metastasis using chest CT and skeletal emission computerized tomography after 2 years of surgery is unnecessary. Regular surveillance improved the chance of patients to undergo potentially curative treatment at the time of diagnosis of late recurrence of HCC, thus contributing to better survival for these patients. 
